This paper summarizes the initial results from the long-term monitoring program of running and standing waters in a high elevation cirque landscape (Macun Lakes) in the Swiss National Park. The region comprises two contrasting basins with different water sources, a glacier-fed basin and a precipitation-fed basin. Monitoring encompasses annual measures of physico-chemistry of the waters along with samples of macroinvertebrates in midsummer. Monitoring was initiated in 2001 when the area was annexed to the park. Preliminary results indicate the high sensitivity of alpine waters and biota to changes in climate. Results from the stream measures suggest a shift in physico-chemistry (warmer waters, decreases in nitrogen constituents) and zoobenthos (taxa and density decreases) over time that reflected the differences and changes in water source in each basin. Results from the pond monitoring showed the rapid response of these small water bodies to alterations in air temperature and pluviometry. The pond data also demonstrated a strong spatial heterogeneity between ponds in both physico-chemistry and macroinvertebrate composition. The monitoring of both streams and ponds provides a holistic picture of abiotic and biotic changes of alpine waters to landscape and climate change.
Introduction
Lentic and lotic water bodies are prominent features of alpine landscapes, often comprising interconnected hydrologic pathways. Most alpine waters originate during glacial recession, e.g. cirque and kettle lakes and ponds, and many have inlet and outlet streams forming lake chains along drainage pathways (Donath & Robinson 2001; Maiolini et al. 2006; Robinson & Matthaei 2007) . The juxtaposition of streams and ponds/ lakes enhances overall habitat heterogeneity and potentially aquatic biodiversity (Monaghan et al. 2005; Brown et al. 2006; Maiolini et al. 2006 ), but can also potentially fragment populations from upstream areas (Monaghan et al. 2002; 2005) . Moreover, the insular nature of alpine regions constrains the distribution of species colonizing and inhabiting alpine streams and lakes (Hieber et al. 2005 ) and the relatively harsh environmental conditions further limit the kinds and numbers of invertebrates found in alpine freshwaters (Lods-Crozet et al. 2001; Ilg & Castella 2006) . Alpine landscapes in general are recognized as sensitive environments to climate change (Körner 1999) and freshwater biota are probably excellent sentinels for detecting and documenting such changes. The generally low taxon richness of alpine freshwaters suggests habitats are not species saturated (Hinden et al. 2005; Oertli et al. 2008; Rosset et al. 2008 ) and as such are susceptible to invasive species or species expanding their ranges as alpine environments become more suitable for colonization. Consequently it is important to document species presence in the face of rapid environmental changes being imposed on alpine landscapes. The objective of this paper is to summarize the spatio-temporal changes in physico-chemistry and zoobenthos in ponds/lakes and streams of a high-alpine catchment in the Swiss National Park. The 3.6 km 2 Macun region was annexed to the Swiss National Park in 2000 and currently is an area designated for longterm monitoring of alpine streams and lakes. A secondary objective is to relate the zoobenthic data with any changes in associated physical and chemical measures collected on the same dates over the 8 year period of study. Robinson and Matthaei (2007) , and Oertli et al. (2008) .
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Study Area
The Macun catchment (46° 44'N, 10° 08'E) is a highalpine cirque (>2 600 m) in the Canton Graubünden, Switzerland (Figure 1 ). The surrounding peaks reach elevations between 2 800 and 3 000 m, and the outlet stream (Zeznina) drains north to the river Inn near the village of Lavin, Switzerland, in the lower Engadine. Some cattle grazing occurred before the park annex in 2000, but now the area is visited only by tourists on designated trails. The region comprises 5 small lakes and 21 permanent ponds (and ~10 small temporary ponds) scattered within two sub-basins; their surface area ranges between 0.01 and 0.12 km 2 , with a depth from a few centimetres to about 10 m. The five small lakes, each ~0.12 km 2 and <10 m deep, are interconnected by streams each around 500 m in length. A north basin is fed mostly by snowmelt and groundwater, whereas the south basin is fed by glacial melt from a number of rock glaciers. The annual flow regime differs between basins, with the south basin experiencing more extreme channel contraction from the freezing of glacial water in autumn. The stream network as a whole contracts by up to 60% in winter (Robinson & Matthaei 2007) . The water source in each basin also causes differences in water chemistry and water temperature, being warmer in the north basin. There are no active surface (erosional) glaciers in the catchment. The elevation at the uppermost north basin site was 2 631 m and at the uppermost south basin site 2 650 m. The lowermost outlet stream was at 2 616 m. Precipitation is low, typically being around ~850 mm per year. Air temperatures range from over 20°C in summer to below -25°C in winter, based on records from a nearby climate station (Buffalora) ~14 km southeast of Macun. Bedrock geology is slow-weathering crystalline (ortho-gneiss) rock. The area is above the tree line, and most terrestrial vegetation is typical alpine grasses and low lying herbs. Areas of bare rock are common.
Methods
Streams
The biomonitoring of streams was initiated in September 2001, followed by collections in late July or early August from 2002 to 2008. For streams, nine sites were sampled on each date: four in the north basin, three in the south basin, and two in the outlet stream (Figure 1 ). The sites were situated at the inlets and outlets of the prominent lakes in each basin along a longitudinal gradient. Lake Immez is located at the confluence of the north and south drainage channels, and stream site 9 was at its outlet stream. Meltwater from a large rock glacier enters the outlet stream between stream sites 9 and 10. A 1-L water sample was collected from each site on each visit for analysis of nitrate-N, particulate N (PN), particulate P (PP), dissolved organic matter (DOC), and particulate organic matter (POC) following methods in Robinson and Matthaei (2007) . On each visit spot measures were taken around midday for temperature, conductivity, turbidity and pH, using fieldportable meters. Spot measures were used to provide information on basin and site differences in measured parameters. A detailed analysis of the seasonal variation in physico-chemistry and hydrology of the catchment is found in Robinson and Matthaei (2007) . Benthic invertebrates were sampled semi-quantitatively using a timed (5 min) kick-net approach. Along a 30 m reach at each site, benthic substrata were disturbed and the loosened material collected in the net (250 µm mesh). Primary habitat types (e.g. pools, runs, riffles) were sampled proportionately during the 5 min sample. The material collected was preserved with 70% ethanol for later processing in the laboratory. In the laboratory all invertebrates were handpicked from each sample, identified to lowest possible taxonomic unit and counted. Chironomidae collected in the 2002 samples were identified to species, except for the genera Limnophyes and Microspectra, based on examination of slide mounts (see Robinson et al. 2007) . For this paper, all data were evaluated using descriptive and multivariate statistics for illustrative purposes. The five chosen ponds differed in their macroinvertebrate assemblages and on the magnitude in water level fluctuation: M6 had a high taxonomic richness, M14 had a low taxonomic richness, M8t was a temporary pond, M15 had a high magnitude in water level fluctuation (at times also drying), and M20 was a permanent pond with low water level fluctuation. Two ponds were located in the north basin and three in the south basin (Figure 1 ). The ponds also differed with regard to the chemical composition of the water. Conductivity, even if low, was highest in M6. All ponds were probably fishless or with a low fish density (a small fish was observed in M14 in 2004). The physico-chemical characteristics of these ponds are presented in Table 1 . As for streams, a 1-L water sample was collected from each site on each visit for analysis of different forms of nitrogen, phosphorus and carbon. On each visit spot measures were taken around midday for conductivity and pH using field-portable meters. In addition, data loggers were placed in a selection of ponds for continuously measuring temperature and water level (measures every hour, from July 2006 and July 2007). Macroinvertebrates were collected from pond M6 in 2002 and 2007, from M8t in 2002, 2004, 2005 and 2007, from M14 in 2004 and 2007, and from M15 and M20 in 2004, 2005 and 2007 . The standard procedure "PLOCH" (Oertli et al. 2005a; 2008) was used for sampling. Macroinvertebrates were collected with a small-framed hand net (rectangular frame 14x10 cm, mesh size 0.5 mm). For each sample the net was swept through the water intensively for 60 seconds. The number of samples taken, depending on pond size, ranged from 2 (smallest pond, M8t) to 13 (largest pond, M6). Sampling was stratified for the dominant habitats (from the land-water interface to a depth of 2 m), including stones, gravel, sand and bryophytes. In all cases the collected material was preserved in 70% ethanol and then comprehensively sorted in the laboratory. Specimens were identified to species level for most taxonomic groups (including Chironomidae and Oligochaeta) and counted. Pupae were generally not considered, although some were identified when species level identification was impossible for larvae.
Results
Stream physico-chemistry
A principal components analysis (PCA) of the stream sites, based on measured physical and chemical constituents, separated sites by basin (Figure 3) . The north basin sites displayed lower values of nitrate-N and dissolved nitrogen, and higher temperatures than south basin sites. Site 9 below Lake Immez, which has water from both basins, was oriented more towards the north basin sites, but was placed closer to south basin sites than the other south basin sites. Site 10 downstream of site 9, but with a strong influence of the rock glacier, was placed along with south basin sites along axis-1, although showing higher TIC and turbidity values than those sites. Site 10 also displayed similar PP, DOC and POC values as south basin sites, whereas north basin sites had generally higher values for these measures. The similar error bars for all sites suggest similar temporal change over the years of study. A second PCA illustrated the year-to-year changes for all sites combined in the north basin, in the south basin, and for site 10 ( greater average increase in temperature by up to 4°C. By contrast, dissolved nitrogen generally decreased between these periods and was more pronounced in the north basin sites and higher order south basin sites. Here, dissolved nitrogen values decreased by up to 50 µg/L in these sites between the two periods. Little change in dissolved nitrogen was observed in site 5 and site 10, both being directly influenced by inputs from rock glaciers.
Stream zoobenthos
The PCA based on the most common macroinvertebrates (those representing >1% of the assemblage in samples) in the streams showed that the composition differed between basins ( Figure 6 ). Crenobia alpina, Limnephilus coenosus, Diptera, and Chironomidae were more common in south basin streams than north basin streams. Further, sites 9 and 10 showed greater abundances of Rhithrogena loyolaea, Drusus destitutus, Dictyogenus sp. and Hydracarina than north or south basin streams. When grouping sites by basin and comparing years, the PCA showed that the 
Figure 6 -Scatter plot of principal components analysis based on the density of macroinvertebrate taxa collected from each of the stream sites. Figure 6a (top panel) presents the PCA results with all years combined for each site, where error bars are standard deviations (n = 8 for each site). Figure 6b (bottom panel) presents the PCA results as averages for each year for sites combined in the north basin (n = 4 sites), south basin (n = 3 sites), and site 10 (Zeznina = Z). Lines connect the average scores with a letter indicating basin (N = north basin, S = south basin) and a number indicating the year of sampling (e.g. N1 = north basin 2001, N2 = north basin 2002).
during summer 2007 and both had short duration (1-3 days). The dry periods are directly related to meteorological conditions: warm temperatures and low pluviometry. The dry period of M8t corresponded also with the low water level of M15.
Lake and pond macroinvertebrates
The taxa richness of the five monitored ponds was heterogeneous ( Figure 10 ). As in 2002, with eleven taxa, pond M20 was richer than the other ponds. M6 was the next richest with nearly ten taxa, and ponds M15 and M8t were species poor with six taxa. The standard deviation was relatively low and showed that there was a low temporal variation in taxa richness during the study period. The composition of macroinvertebrate assemblages sampled between 2002 and 2007 in the five monitored ponds demonstrated a strong spatial heterogeneity between the ponds (Table 3, Figure 11 ). Nevertheless, ponds M14 and M15 had relatively similar communities as noted in the PCA (Figure 11 ). This PCA also shows the main characteristics of the assemblages of the five ponds that are also clear in the abundance data in Table 3 . Temporary pond M8t was characterized by the presence of the midge Diamesa zernyi gr.
(Diamesinae) and Oligochaete Fridericia ssp. (absent in the other four ponds), and by the absence or paucity of three taxa present in high abundance in the other four ponds: the Oligochaete Cognettia cf. glandulosa, the beetle Agabus bipustulatus and the caddisfly family Limnephilidae. Pond M6 was characterized by high abundances of the bivalve Pisidium casertanum and midge Paratanytarsus austriacus (Chironominae), taxa absent or rare in the other four ponds. Pond M20 was characterized by two species unique to this water body: the beetle Hydroporus memnonius and water boatmen Arctocorisa carinata carinata. Pond M15 was characterized by the absence of the beetle Agabus bipustulatus. Finally M14 was characterized by the paucity of the larvae of the beetle Hydroporus spp. Some taxa were much more broadly distributed than others. For example, the beetle Hydroporus foveolatus and the caddis fly family Limnephilidae were present in all surveyed ponds, although both were less abundant in the temporary pond M8t. On the other hand, some taxa seem restricted to some ponds. For example, the bivalve Pisidium casertanum was observed only in M6 and in high abundance. The temporal heterogeneity within the ponds was low with relatively low differences in composition between years. This is illustrated in the PCA that shows, in general, a grouping of the same ponds regardless of the sample year ( Figure 11 ). However, it must be noted that some taxa can have a large variation in abundance between years (Table 3) .
(see Lecomte 2008) . A representative example of a permanent pond is presented in Figure 8 . It shows the long freezing period of the water for about eight months, here between November 2006 and June 2007. This pattern also shows the rapid response in water temperature to meteorological events (and associated changes in air temperature) within a few days, e.g. in summer 2007 (July) the temperature fell from 15°C to 3°C but also rapidly increased again to 15°C. Ponds are small water bodies and, as a consequence, have a low thermal resilience to air temperature changes. Therefore nyctemeral changes of temperature are also high with amplitudes sometimes of 5°C. Water levels were also monitored (Lecomte 2008 Figure 8 . This pond was selected for monitoring because of its large water level fluctuations. The survey confirmed the fluctuation in its water level and showed a difference of 40 cm between the maximum (July 2007) and the minimum level (August 2007) . It also showed that the pond has a low water level at the beginning of the ice period (November) and a high water level from ice (and snow) melt (June the following year). Monitoring of the water level of the temporary ponds (Figure 9 ) allowed the precise identification of the duration of dry periods. For M8t two dry periods were observed 
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Discussion
Streams
Although covering a relatively short period, the results from the stream physico-chemistry suggest a temporal shift in water chemistry and temperature. Water temperature has increased rather dramatically and especially in the glacier-fed south basin where temperatures have increased by some 4°C. The change may reflect a reduction in glacier meltwater from the rock glaciers as no surface glaciers are found in the Macun catchment. The source of water to streams in the south basin now may be proportionately more from precipitation (snow and rain) than glacier melt. In contrast, temperatures in streams of the north basin have increased on average by ca. 2°C, but are still non-significantly different than the earlier time period. Here the source of water is via precipitation as snow and rain and the slight increase may simply reflect warmer summer temperatures overall. One pattern evident in the north basin streams is the general increase in temperature along the longitudinal dimension, increasing by at least 2-3°C from headwaters to the outlet. Nitrogen constituents have decreased dramatically in the catchment, especially in the more downstream reaches. For instance, total dissolved nitrogen has decreased by as much as 50 µg/L in some streams and was especially pronounced in the north basin streams. Nitrogen is delivered primarily via atmospheric deposition (Malard et al. 2000) and these results may indicate a reduction in nitrogen deposition in the catchment. Likewise the lesser response of streams in the south basin probably reflects the input of glacier meltwater that may strongly influence stream water chemistry. This pattern is evident when comparing site 9 with site 10, where site 10 is strongly influenced by the meltwater from the large rock glacier in the catchment and shows little reduction in dissolved nitrogen compared to site 9. Recall that site 9 is the outlet stream of the catchment upstream of the rock glacier input and integrates waters from the south and north basin. The invertebrate data reflected the basin differences in physico-chemistry, with sites 9 and 10 showing more changes in composition from the other sites. Robinson et al. (2007) suggested that site 9 and 10 were more lotic in character than the other sites because of the proximity of the other sites to lake inlets and outlets. The invertebrate data also showed changes in composition over time as was observed in water physicochemistry. These composition changes were reflected in decreases in taxa richness of ca. two taxa at each site and decreases in invertebrate density by almost half at most sites. In fact only the two uppermost sites in the north basin showed no loss but an actual increase in density, whereas all other sites showed substantial decreases in density. These data must be taken cautiously as they are based on only one sample collected at one point in time and may simply be a life history response by different taxa to the changes in temperature (Van- Indermuehle and Oertli (2007) and Oertli et al. (2008) . "-" not sampled, "Code": code used in Figure 11 . note & Sweeney 1980). Overall the data do indicate the importance of long-term monitoring for detecting changes in abiotic and biotic properties of alpine waters, especially when these changes can be rapid.
Lakes and ponds
The monitoring of fluctuations in water temperature and water level shows that these alpine ponds are quite sensitive to variation in climatic parameters such as air temperature and pluviometry. Indeed, a dry and warm aestival period leads rapidly to warmer water temperature and to a lowering in water level (and to drying of smaller ponds). This supports the idea that ponds have important. Therefore M6 can be considered a glint of the future of alpine ponds with changing climate, that being a higher trophic level and also higher local richness. In the same sense the temporary pond M8t with its particular fauna is a glint of a future with lower water supply. The long-term monitoring of the ponds should provide evidence for such predictions that could already be relevant in the next 50 years.
General perspective
Monitoring can be complex and time-consuming. We have taken a parsimonious approach in this monitoring program of the Macun catchment that integrates both streams and ponds. Both avenues of assessment provide a more holistic view of ecosystem changes in the alpine landscape than by assessing either alone. Even by taking simple annual spot samples we are still showing some major shifts in the waters and biota of the catchment. The stream data has documented potential reductions in the glacial influence and perhaps a shift in water character over the short time span of the study. Similar findings have been noted by other alpine researchers of freshwaters (e.g. Brown et al. 2007 ). This temporal change in physico-chemistry was also seen in the invertebrate assemblages. The pond data has documented the strong spatial heterogeneity between ponds in the catchment that reflect respective differences in chemistry and degree of permanence. Both kinds of data on different kinds of water bodies provide a synergistic amount of ecological information towards a better understanding of landscape change and influence on alpine waters. As additional data are collected, the information will be used to more formally test relationships between environmental parameters and biotic measures over time.
